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© In an antenna-selection diversity transmission 
and reception equipment (10) which is in digital 
communication with a transmission and reception 
equipment (16) having a single antenna (17), and 
performs transmission and reception With time di- 
vision by using the same radio frequencies, the 
antenna-selection diversity transmission and recep- 
tion equipment (10) comprises a plurality of anten- 
nae (11, 12), a receiving part (15) having receiving 
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means (61 , 62), comparing means (63) and selecting 
means (64, 65) which are adapted for a receiving- 
antenna selection diversity, and a transmitting part 

(14) having memory means (52) for storing antenna 
information that was selected by the receiving part 

(15) . An antenna for transmission is selected from 
the plurality of antennae (11, 12) at the time of 
transmission in accordance with the information of 
the memory means (52). 
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FIELD OF THE INVENTION 

The present invention relates in general to di- 
versity transmission and reception method and 
equipment that use a plurality of antennae, and in 
particular to diversity transmission and reception 
method and equipment which are suited to com- 
municate digital signals between a fixed station 
with a plurality of antennae and a mobile station 
with a single antenna. 

DESCRIPTION OF THE PRIOR ART 

In mobile communications, fading causes the 
fluctuation of reception level and therefore deterio- 
ration in the communications. As a method of re- 
ducing the fading, a diversity reception has been 
widely performed. In that case, a method is nor- 
mally used which employs a plurality of antennae 
spaced apart from one another. For example, there 
is known a method wherein two antennae are 
spaced apart from each other so that the densities 
of signals received to the antennae are not cor- 
related, the reception levels of the two antennae 
are measured at all times, and an antenna of higher 
signal level is selected. 

If signals received to two antennae are not 
correlated, a probability that the signal levels be- 
come lower together with the both signals is then 
greatly reduced, and consequently deterioration of 
the received signals becomes few. 

Various kinds of diversity reception methods 
are also known and described, for example, in 
"Jakes edited, Microwave Mobile Communications, 
John Wiley and Sons." 

In the case that a mobile transmission and 
reception equipment of small size is required like a 
cordless telephone and a portable telephone, 
space diversity could not adopted in the radio in 
the mobile side, because it is difficult to install a 
plurality of antennae. 

Accordingly, it is an object of the present in- 
vention to provide an improved diversity transmis- 
sion and reception equipment which is capable of 
eliminating the need for using a plurality of anten- 
nae in a mobile transmission and reception equip- 
ment, being easily made a small size, and over- 
coming fading. 

Another object is to provide an improved diver- 
sity transmission and reception method which is 
capable of eliminating the need for using a plurality 
of antennae in a mobile transmission and reception 
equipment, being easily made a small size, and 
overcoming fading. 



SUMMARY OF THE INVENTION 

According to one important aspect of the 
present invention, in an antenna-selection diversity 

5 transmission and reception equipment which is in 
digital communication with a transmission and re- 
ception equipment having a single antenna, and 
performs transmission and reception with time di- 
vision by using the same radio frequencies, the 

10 antenna-selection diversity transmission and recep- 
tion equipment comprises a plurality of antennae; a 
receiving part having receiving means, comparing 
means and selecting means which are adapted for 
a receiving-antenna selection diversity; and a trans- 

15 mitting part having memory means for storing an- 
tenna information that was selected by the receiv- 
ing part; an antenna for transmission being se- 
lected from the plurality of antennae at the time of 
transmission in accordance with the information of 

20 the memory means. 

A digital signal to be transmitted may be con- 
stituted by at least a preamble signal and an in- 
formation signal, and the antenna selection of re- 
ception diversity may be performed by the select- 

25 ing means that is driven when the preamble signal 
is received. 

The antenna-selection diversity transmission 
and reception equipment may be provided in a 
base station, and the transmission and reception 

30 equipment having a single antenna may be pro- 
vided in a mobile station. 

In accordance with another important aspect of 
the present invention, there is provided a diversity 
transmission and reception equipment which per- 

35 forms digital communications with a transmission 
and reception equipment having a plurality of an- 
tennae and transmitting a frame signal including at 
least a first signal interval which is transmitted from 
one antenna selected from the plurality of antennae 

40 and a second signal interval which is transmitted 
with time division from the plurality of antennae in 
a predetermined sequence, comprising: a single 
antenna for receiving the frame signal; a receiving 
part for receiving each of signals of the second 

45 signal interval transmitted from the plurality of an- 
tennae and received to the single antenna, the 
receiving part having level comparing means for 
detecting a signal of highest level from the re- 
ceived signals of the second signal interval and 

so transmitting the signal of highest level as a selec- 
tion control signal; and a transmitting part having a 
selection-control-signal transmitting part to which 
the selection control signal is inputted, the selec- 
tion control signal being transmitted through the 

55 single antenna to the transmission and reception 
equipment having a plurality of antennae. 

According to yet another important aspect of 
the present invention, in a diversity transmission 
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and reception method wherein digital communica- 
tions are performed between one transmission and 
reception equipment having a plurality of antennae 
and another transmission and reception equipment 
having a single antenna, the diversity transmission 
and reception method comprises transmitting a 
frame signal from the one transmission and recep- 
tion equipment, the frame signal including at least 
a first signal interval which is transmitted from one 
antenna selected from the plurality of antennae and 
a second signal interval which is transmitted with 
time division from the plurality of antennae in a 
predetermined sequence; discriminating signals of 
the second signal interval of the frame signal trans- 
mitted from the one transmission and reception 
equipment, by the another transmission and recep- 
tion equipment, and transmitting an optically re- 
ceived .signal information as a selection control 
signal from the another transmission and reception 
equipment; selecting an antenna for reception from 
the plurality of antennae of the one transmission 
and reception equipment by diversity antenna se- 
lection, and selecting an antenna for transmission 
from the plurality of antennae of the one transmis- 
sion and reception equipment by reception of the 
selection control signal transmitted from the an- 
other transmission and reception equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages 
will become apparent from the following detailed 
description when read in conjunction with the ac- 
companying drawings wherein: 

FIG. 1 is a schematic block diagram showing 
the principle of the present invention which is 
applied to the embodiments of FIGS. 3A and 4; 
FIGS. 2A and 2B schematically illustrate the 
transmission sequence of signal formats accord- 
ing to the embodiments of FIGS. 3A and 4; 
FIG. 3A is a block diagram of a first embodi- 
ment of the present invention; 
FIG. 3B is a block diagram of a control circuit in 
which a postamble signal may be used; 
FIG. 4 is a block diagram of a second embodi- 
ment of the present invention; 
FIG. 5 is a schematic block diagram showing 
the principle of the present invention which is 
applied to the embodiments of FIGS. 7 and 8; 
FIG. 6A shows a signal format of down direction 
(from base station to mobile station) which is 
used in the embodiments of FIGS. 7 and 8; 
FIG. 6B shows a signal format of up direction 
(from mobile station to base station) which is 
used in the embodiments of FIGS. 7 and 8; 
FIG. 7 is a block diagram of the embodiment of 
a transmission and reception equipment of a 
base station, which is constructed in accordance 



with the principle of FIG. 5; and 
FIG. 8 is a block diagram of the embodiment of 
a transmission and reception equipment of a 
mobile station, which is constructed in accor- 
5 dance with the principle of FIG. 5. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

10 Fig. 1 of the accompanying drawings schemati- 

cally illustrates the principle of the present inven- 
tion. In Fig. 1, a transmission and reception equip- 
ment of a base station indicated by reference nu- 
meral 10 has a plurality of antennae 11 and 12, a 

75 switching part 13, a transmitting part 14, and a 
receiving part 15. A transmission and reception 
equipment 16 of a mobile station has a single 
antenna 17. 

In the transmission and reception between the 
20 base and mobile stations shown in Fig. 1 , the same 
radio frequency f1 is used, the transmission and 
the reception are not performed at the same time 
in the same transmission and reception equipment, 
and the transmission (up direction) to the base 
25 station from the mobile base station and the trans- 
mission (down direction) to the mobile station from 
the base station are performed at different time 
intervals. 

The format of signals to be transmitted is a like 
30 frame signal in both the directions of the up direc- 
tion (from mobile station to base station) and the, 
down direction (from base station to mobile sta- 
tion). 

The present invention can employ either of the 

35 two signal formats in A and B shown on the right 
side of Fig. 1. The frame signal of the format A is 
constituted by a preamble signal 18 (indicated by 
PA) and an information signal 19 (indicated by 
DATA). The length of the frame signal is set so that 

40 it becomes shorter than the cycle of fading. The 
frame signal of the format B is constituted by a 
preamble signal 18 (indicated by PA), an informa- 
tion signal 19 (indicated by DATA) and a postam- 
ble signal 20 (indicated by POA), and is a signal 

45 format wherein the postamble signal is further ad- 
ded to the frame signal of the format A. Likewise, 
the length of the frame signal of the format B is set 
so that it becomes shorter than the cycle of fading. 
In the case that, with the use of the signal 

so format A, signals are received in the transmission 
and reception equipment 10 of the base station, the 
preamble signals 18 are received by the antennae 
11 and 12 and transmitted through the switching 
part 13 to receiving means 61 and 62 of the 

55 receiving part 15, respectively, in which the respec- 
tive signal levels are detected. The detected signal 
levels are compared in comparing means 63, and 
the result is supplied as a reception-selection con- 
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trol signal to selecting means 64 and 65. As a 
result, among the signals received from the two 
antennae 11 and 12, the information signal ob- 
tained from the antenna that is higher in signal 
level is used as a reception signal. At this time, the 
comparison result in the comparing means 63 is 
stored in memory means 52 of the transmitting part 
14. 

Although in Fig. 1 two receiving means 61 and 
62 are provided for the purpose of explaining the 
principle of the present invention, the reception- 
selection control signal can be obtained by using 
one receiving means with time division, switching 
the received signals of the antennae 11 and 12 and 
detecting them (during the interval of preamble 
signal), and comparing the respective received lev- 
els (the previously received level has been stored). 

In the case that the transmission from the base 
(fixed) station is performed, a transmission signal 
from transmitting means 51 of the transmitting part 
14 is transmitted through the switching part 13 
from one of the antennae 11 and 12. In that case, 
since the above described reception-selection con- 
trol signal produced from the comparing means 63 
of the receiving part 15 is stored in advance in the 
memory means 52 of the transmitting part 14, the 
switching part 13 performs switching operation at 
the time of transmission in accordance with the 
reception-selection control signal, and an antenna 
selected 11 or 12 is used as an antenna for trans- 
mission. 

In the case that the signal from the mobile 
station is received with the use of the signal format 
B, the selection control for receiving the information 
signal by reception of the preamble signals 18 and 
comparison of the received signal levels at that 
time is the same as the case of the signal format 
A. 

If the postamble signal 20 is received following 
the information signal 19, the postamble signal 20 
is then detected by the selecting means (64 or 65) 
of the receiving part 15 that was selected by the 
preamble signal 18. By this, the comparison of the 
signal levels received in the receiving means 61 
and 62 of the receiving part 15 is performed by the 
comparing means 63. This comparing operation is 
performed in the same way as the above compari- 
son of the preamble signal 18, and information 
representing an antenna of higher signal level is 
stored as the comparison result in the memory 
means 52. In the case that the signal format B was 
employed, the switching part 13 is switched at the 
time of transmission by the information stored in 
the memory means 52 and representing an an- 
tenna of higher signal level at the time of the 
postamble signal 20 reception, and transmission is 
performed from the antenna of higher signal level. 



Fig. 2A and 2B illustrate the transmission se- 
quence of signal formats according to the present 
invention. Fig. 3A is a schematic block diagram of 
a first embodiment of the present invention, and 

5 Fig ; 3B is a block diagram of a control circuit in the 
case that a postamble signal is used. Fig. 4 is a 
schematic block diagram of a second embodiment 
of the present invention. Embodiments to be de- 
scribed hereinafter are applied to a digital transmis- 

io sion system that performs the communication be- 
tween a base station and a mobile station, for 
example, a cordless telephone system. 

Fig. 2A shows the transmission sequence by 
the frame signal constituted by a preamble signal 

75 (PA) and an information signal (DATA), while Fig. 
2B shows the transmission sequence by the frame 
signal constituted by a preamble signal (PA), an 
information signal (DATA) and a postamble signal 
(POA). 

20 In Figs. 2A and 2B, reference numerals 21, 23 

and 24, 26 are frame signals of the up direction 
from a mobile station (indicated by MS) to a base 
station (indicated by BS), respectively, and 22, 25 
are frame signals of the down direction from the 

25 base station to the mobile station, : and communica- 
tions are alternately performed between the base 
and mobile stations. An information signal (indi- 
cated by DATA) of the frame signal is a data 
signal, or digitized signal of a voice signal. 

30 The length of a signal transmitted at a time, 

that is, the length of the frame signal is set so that 
it becomes sufficiently shorter than the fading cy- 
cle resulting from the movement of the mobile 
station and the like. Consequently, the intensity of 

35 received signals does not vary during transmission 
of one frame signal, and a case is few where 
diversity effect to be described hereinafter is re- 
duced. 

Even in the case of a voice signal, by digitizing 

40 it once, the voice signal can be easily made a 
frame signal. It is considered that, in the case of a 
cordless telephone, a voice coding speed is in the 
order of 32 Kbit/s because of ADPCM (Adaptive 
Delta Pulse Code Modulation) system. A transmis- 

45 sion speed in radio channels is in the order of 70 
Kbit/s, in view of up and down communications, 
and further the preamble signal portion. If a frame 
length is in the order of 300 bit, it is considered 
that the frame length is sufficiently shorter as com- 

50 pared to the fading cycle, since transmission of 
one signal is completed for 5 milliseconds. 

Fig. 3A illustrates the first embodiment of the 
present invention. An output terminal 66 and an 
input terminal 67 of the transmission and reception 

55 equipment of the base station of Fig. 3A are con- 
nected to a wire (not shown). Antennae 30a and 
30b are spaced apart from each other, and con- 
sequently signals received to the antennae 30a and 
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30b are not correlated. 

The receiving operation will be described 
hereinafter. In the case that the frame signals 21 
and 23 of the format of Fig. 2A are received from 
the mobile station, the signals that were received to 
the antennae 30a and 30b are inputted through 
circulators 31a and 31b to receiving circuits 32a 
and 32b (indicated by RX and RX), respectively, 
wherein frequency conversion,, band limit and am- 
plification are performed. Outputs of the receiving 
circuits 32a and 32b are inputted demodulation 
circuits 33a and 33b (indicated by DEM and DEM), 
respectively, and also portions of the outputs are 
inputted to a control circuit 36 (indicated by 
CONT). The demodulation circuits 33a and 33b 
each perform the demodulation and interpretation 
of digital signals, and the parsing of frame signals. 

The control circuit 36 measures the output 
signal levels of the receiving circuits 32a and 32b 
and performs the comparison therebetween. As a 
result of the comparison, a control signal that se- 
lects a demodulation circuit connected to a signal 
branch higher in signal level, is outputted to a 
switching circuit 34-1 ^indicated by SW). The out- 
put of the demodulation circuit selected is inputted 
to a digital/analog conversion circuit 35 (indicated 
by D/A), which outputs a received analog voice 
signal to the output terminal 66. 

It will be clear from the foregoing description 
that, in the transmission and reception equipment 
of the base station of the first embodiment of Fig. 
3A, after detection, a selection diversity reception 
is performed. 

The signal branch that has been selected by 
the control circuit 36 is stored immediately before 
completion of the receiving operation, and used in 
the selection of a transmitting antenna in a trans- 
mitting operation to be described hereinafter. 

In the transmitting operation, an analog voice 
signal inputted to the input terminal 67 is converted 
into a digital signal by an analog/digital converter 
39 (indicated by A/D). This digital signal is formed 
into a frame signal, together with a preamble sig- 
nal, and then modulated by a modulator 38 (in- 
dicated by MOD). The modulated wave signal is 
inputted to a transmitting circuit 37 (indicated by 
TX) that performs frequency conversion and am- 
plification ; and to a switching circuit 34-2. 

As described previously, ;Jhe control circuit 36 
has stored the signal branch that was selected at 
reception immediately before transmission, and 
outputs a control signal to the switching circuit 34-2 
for selecting an antenna belonging to the selected 
signal branch. It is here assumed that, for the sake 
of convenience, the signal branch including the 
antenna 30b has been selected. At this time, the 
transmission signal is outputted by the switching 
circuit 34-2 to the circulator 31b, which transmits it 



through the antenna 30b. 

Fig. 3B shows a control circuit in the case that 
the postamble signal was used. 

In the case that the format of Fig. 2B was used, 
5 the selection of a demodulation circuit by reception 
of the preamble signal is performed in reception, 
and the reception of the information signal (DATA) 
is done by the structure of Fig. 3B, as in the case 
of the above described format A. If the postamble 

10 signal (POA) is received following the information 
signal (DATA), this signal is detected at a control 
circuit 36' of Fig. 3B. 

That is, if the postamble signal is detected at a 
detection circuit 361 of the control circuit 36\ the 

75 outputs of the two receiving circuits 32a and 32b 
are compared at a comparison circuit 362, informa- 
tion representing the output of higher signal level is 
stored as a comparison result in a memory 363. 
In the case of transmitting from this base sta- 

20 tion, the information stored in the memory 363 of 
the control circuit 36* at the time of the above 
described postamble signal reception is outputted 
by a transmission instruction. That information is 
inputted to the switching circuit 34-2 of Fig. 3A to 

25 select a corresponding antenna. 

Thus, if the postamble signal is used, since an 
antenna is selected by receiving the postamble 
signal added to the end of the frame that the 
mobile station (MS) transmitted immediately before 

30 the transmission from the base station, the selec- 
tion can be more accurately performed as com- 
pared with the selection by the preamble signal. 

Since radio frequencies are the same in trans- 
mission and reception, if a signal is transmitted 

35 from the antenna of the signal branch selected 
upon reception, the transmission to the mobile sta- 
tion from the base station then has a transmission 
diversity effect because of the reversibility of trans- 
mission and reception. Since in the embodiment of 

40 Fig. 3A the signal frame length is sufficiently shor- 
ter than the cycle of fading, even if the selection of 
antennae is fixed to the antenna selected prior to 
transmission, a reduction in the diversity effect 
caused by this can be neglected. 

45 Fig. 4 shows the second embodiment of the 

present invention. In the case that the frame signal 
of the format of Fig. 2A is used, since the transmit- 
ting operation is the same as that of the first 
embodiment of Fig. 3A, a description of this part 

so will not be given. 

In the receiving operation, if a control circuit 46 
receives a preamble signal by monitoring an output 
signal of a demodulation circuit 44, the control 
circuit 46 measures the signal level of an output 

55 signal of a receiving circuit 43 only for a predeter- 
mined time interval (preferably, about half of a 
preamble signal time). The control circuit 46 also 
stores the value of the signal level, along with a 
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signal branch that has been selected. 

Next, the control circuit 46 outputs a switching 
signal to a switching circuit 42-1 to select the other 
signal, and measures the signal level in a similar 
way. The value of the received level is also stored 
along with a signal branch that has been selected. 
The values of the signal levels stored are then 
compared, and a control signal that selects a signal 
branch having a larger value is outputted to a 
switching circuit 42-2, which holds the signal 
branch. 

The second embodiment has its advantages in 
that, in addition to structural simplicity of the re- 
ceiving circuit 43, the switching of antennae can be 
performed in the interval of the preamble signal. 
Consequently, this embodiment is advantageous in 
signal error characteristics, since switching noises 
occurring at the time of antenna switching do not 
occur in the information signal portion of the frame 
signal. 

The transmission and reception of the frame 
signal of the format shown in Fig. 2B will now be 
described with reference to the structure of Fig. 4. 

The receiving operation of the preamble signal 
and information signal is. -the same as that of the 
format shown in Fig. 2A. In the reception of the 
postamble signal, if the reception of the postamble 
signal is started, the signal level of the output of 
the receiving circuit 34 is measured only for a 
predetermined time interval (about half of the post- 
amble signal time), and a signal branch that has 
been selected is stored together with the value of 
the measured signal level. If the predetermined 
time interval passes, the switching circuit 42-1 is 
switched and the received level of the other an- 
tenna is measured, and a signal branch that has 
been selected is stored with the value of the mea- 
sured level. The values of the signal levels stored 
are then compared, and a signal that represents a 
signal branch of higher signal level is stored. 

In the case of transmitting after the reception, 
the signal that represents a signal branch of higher 
signal level is outputted to the switching circuit 42- 
2, and the transmission is performed through a 
corresponding antenna. 

Fig. 5 schematically shows the principle of the 
present invention which is applied to the embodi- 
ments of Figs. 7 and 8. In Fig. 5, a transmission 
and reception equipment provided in a base station 
(fixed station) indicated by reference numeral 90 
comprises a plurality of antennae 91 and 92, a 
switching part 93, a transmitting part 94, and a 
receiving part 95. A transmission and reception 
equipment 96 (another transmission and reception 
equipment) provided in a mobile station comprises 
a single antenna 99, a transmitting part 97, and a 
receiving part 98. 



In the communications between the base and 
mobile stations shown in Fig. 5, the transmission 
(down direction) to the mobile station from the base 
station is performed by a radio frequency f1, the 
5 transmission (up direction) to the base station from 
the mobile station is performed by a radio fre- 
quency f2 (different from f1), and the communica- 
tions in both the directions can be performed at the 
same time. 

10 As shown on the upper portion of Fig. 5, a 

transmission signal in the down direction is a frame 
signal that includes a first signal interval 81 and a 
second signal interval 82. The first signal interval 
81 is transmitted from one transmitting antenna 91 
is or 92, while the second signal interval 82 is time 
divided and transmitted in sequence one by one 
from a plurality of antennae 91 and 92. As shown 
similarly on the upper portion of Fig. 5, a transmis- 
sion signal in the up direction is a frame signal that 

20 includes at least a selection control signal 83. 

The signal transmitted from the transmission 
and reception equipment 96 of the mobile station is 
received in the antennae 91 and 92 of the the 
transmission and reception equipment 90 of the 

25 base station. The outputs of the two antennae 91 
and 92 are inputted to the receiving part 95, and 
compared and discriminated in reception-level dis- 
criminating means 152. If the reception-level dis- 
criminating means 152 detects a higher reception 

30 level, it then outputs an indicating signal to receiv- 
ing-antenna selecting means 153, which selects 
one of the outputs of the receiving antennae 91 
and 92 and selects and controls an antenna output 
from which an information signal (data signal or 

35 digitalized analog signal) is picked out. When this 
occurs, in the receiving part 95, the selection con- 
trol signal 83 included in the received signal is 
detected and supplied to the transmitting part 94 
by selection-control-signal detecting means 151. 

40 In the transmitting part 94, first-signal-interval 

transmitting means 142 controls the switching of 
the switching part 93 in such a manner that trans- 
mission information is transmitted at the first signal 
interval 81, and that the first signal of the first 

45 signal interval 81 is transmitted from the antenna 
that has been assigned by the selection control 
signal 83 detected in the selection-control-signal 
detecting means 151 of the receiving part 95. Sec- 
ond-signal-interval transmitting means 143 also 

so controls the switching of the switching part 93 in 
such a manner that the second signal of the sec- 
ond signal interval 82 is time shared and transmit- 
ted in sequence from a plurality of the antennae 91 
and 92. 

55 The transmission and reception equipment 96 

of the mobile station receives the transmission sig- 
nals from the base station. It can be considered 
that the first signal of the first signal interval 81 
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among that transmission signals is one which is 
transmitted from the antenna that is selected by 
the selection control signal 83 transmitted from the 
mobile station immediately before the reception, 
and which has a signal level over a certain degree. 
In the receiving part 98 of the mobile station, 
reception information 180 included in the signal of 
the first signal interval 81 is picked out. 

If the time-shared signals of the second signal 
interval 82 are received following the first signal of 
the first signal interval 81 , they are then stored, and 
when all the second signals are received, the val- 
ues thereof are compared and discriminated in 
level comparing means 181. When a signal of 
highest level is discriminated, -it is transmitted as a 
selection control signal from , selection-control-sig- 
nal transmitting part 1 71 , together with transmission 
information 170. 

As described above, the transmission signals 
from the base station can be always received sat- 
isfactorily in the mobile station by receiving, in the 
transmission and reception equipment 96 of the 
mobile station, the signals of the second signal 
interval 82 transmitted from a plurality of the anten- 
nae 91 and 92 of the base station, discriminating 
which signal can be received satisfactorily, and 
transmitting the result to the base station. 

Fig. 6A shows a signal format of down direction 
(from base station to mobile station) where Po 
indicates a preamble signal, DATA an information 
signal to be transmitted and a data signal or a 
digital signal into which an analog voice is con- 
verted, and P1 and P2 postamble signals. The 
signals are transmitted as a frame signal. The 
frame length is selected to be sufficiently shorter 
than the cycle of fading resulting from movement 
of the mobile station. In Fig. 6A, BS indicates a 
base station, and MS a mobile station. 

The preamble signal Po and the information 
signal DATA are the signal of the first signal inter- 
val 81 shown in Fig. 5, while the postamble signals 
P1 and P2 are separated from each other and 
transmitted individually from two antennae and are 
the signals of the second signal interval 82 shown 
in Fig. 5. 

Fig. 6B shows a signal format of up direction 
(from mobile station to base station) where P in- 
dicates a preamble signal, C a selection control 
signal, and DATA an information signal. 

Fig. 7 is a block diagram of an embodiment of 
a transmission and reception equipment of a base 
station according to the present invention. In Fig. 7, 
reception signal and transmission signal are con- 
nected to a wire (for example, telephone switched 
network). The frame signal shown in Fig. 6 A is 
transmitted from the base station. If the length of 
the frame signal is set so that it becomes shorter 
than the cycle of fading, the intensity of reception 



signal will do not vary during transmission of one 
frame signal, and a case will be few where diversity 
effect to be described hereinafter is reduced. 

In the transmission of up direction (from MS to 
5 BS), antenna-selection diversity reception is per- 
formed using antennae 110a and 110b of the base 
station. In the transmission of down direction (from 
BS to MS), the signal interval of the information 
signal is selected depending upon a signal that was 

io transmitted from the mobile station by the previous 
transmission of up direction. In the signal interval of 
the postamble signals P1 and P2 that are transmit- 
ted from either one of the antennae and divided 
into two, the signal P1 is transmitted from one 

75 antenna and the signal P2 from the other antenna. 

The antennae 110a and 110b are spaced apart 
from each other, and therefore the signals received 
to these antennae are substantially not correlated. 
The signals that were received to the antennae 

20 110a and 110b are respectively inputted through 
antenna shared units 111a and 111b (indicated by 
DUP and DUP) to a switching circuit 112-1 (in- 
dicated by SW). The switching circuit 112-1 selects 
one of the two input signals in response to a 

25 control signal 220 outputted from a control circuit 
117 (indicated by CONT), and outputs it to a re- 
ceiving circuit 11 3 . (indicated by RX). This opera- 
tion will hereinafter be described in detail. 

In the receiving circuit 113, operations such as 

30 frequency conversion, band limit and amplification 
are performed. A portion of the output of the re- 
ceiving circuit 113 is inputted to a demodulating 
circuit 114 (indicated by DEM), wherein processing 
such as demodulation interpretation of digital sig- 

35 nals is performed. The output of the demodulating 
circuit 114 is inputted to a demultiplexer 115 (in- 
dicated by DEM), wherein it is parsed into the 
preamble signal P, information signal DATA and 
antenna-selection control signal C. The information 

40 signal DATA is inputted to a digital/analog con- 
verter 116 (indicated by D/A), which outputs a 
received analog signal to an output terminal 200. 

The operation of the control circuit 117 at the 
time of reception is performed as follows. If the 

45 frame signal shown in Fig. 6B is transmitted from 
the mobile station, a portion of the output signal of 
the receiving circuit 113 of the base station is then 
inputted to the control circuit 117. If, by monitoring 
the output signal level of the receiving circuit 113, 

so it is found that the reception of the preamble signal 
P was started, the control circuit 117 then mea- 
sures the received level only for a predetermined 
time, for example, for a period of half time of the 
preamble signal P. 

55 After elapse of that time, the route including a 

receiving antenna that has been selected at that 
time and the measured signal level are stored. 
Thereafter, by switching; the control signal 220, a 
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signal that switches the selected route is outputted 
to the switching circuit 112-1. 

If the switching of the switching circuit 112-1 is 
completed, the output signal level of the receiving 
circuit 113 is then measured. If a predetermined 
time passes and the measurement of the signal 
level is completed, the route and the measured 
signal level are then stored. This signal level is 
compared with the previously measured signal lev- 
el, and a control signal is outputted to the switching 
circuit 112-1 to select a route corresponding to the 
higher signal level. Thereafter, by monitoring the 
output signal of the demultiplexer 115, the above 
operation is repeated each time the preamble sig- 
nal P is received. 

As will be understood from the foregoing de- 
scription, the base station of the present invention 
performs antenna-selection diversity reception. 

The received antenna-selection control signal C 
has been outputted from the demultiplexer 117 to 
the control signal 117 and stored. As will be de- 
scribed hereinafter, this control signal C is used in 
the antenna selection at the time of transmission. 

A transmission analog signal inputted to an 
input terminal 210 is converted into a digital signal 
by an analog/digital converter 121 (indicated by 
A/D). This signal is multiplexed by a multiplexer 
120 (indicated by MUX), together with a preamble 
signal Po and postamble signals P1, P2, and the 
multiplexed signals are then inputted to a modula- 
tor 119 (indicated by MOD), wherein they are mod- 
ulated. The modulated wave signals perform am- 
plification, frequency conversion and so on, and are 
inputted through a transmitting circuit 118 (indi- 
cated by TX) to a switching circuit 112-2. 

As described previously, the preamble signal 
Po and the information signal DATA are transmitted 
from the antenna that is determined by the an- 
tenna-selection control signal C that has been 
stored in the control circuit 117, while the postam- 
ble signals P1 and P2 are respectively transmitted 
from the transmitting antennae 110a and 110b in a 
predetermined sequence. For example, after the 
signal P1 is transmitted from the transmitting an- 
tenna 110a, the signal P2 is transmitted from the 
transmitting antenna 110b. In order to provide a 
cycle for this, the multiplexer 120 outputs a control 
signal to the control circuit 117. The preamble 
signal Po is a signal for normal clock playback or 
carrier playback. As long as the postamble signals 
P1 and P2 can be used in the measurement of 
reception signal levels, they can be any signals, for 
example, carrier signals that are not demodulated. 

Fig. 8 is a block diagram of a transmission and 
reception equipment of a mobile station according 
to the present invention. The reception signal that 
was received to an antenna 130 and passed 
through an antenna shared unit 131 (indicated by 



DUP) is inputted to a receiving circuit 132 (in- 
dicated by RX) which performs frequency conver- 
sion, band limit, amplification and so on. A portion 
of the output of the receiving circuit 132 is de- 
5 modulated and discriminated in a demodulating 
circuit 133 (indicated by DEM), and then separated 
into a preamble signal, an information signal and a 
postamble signal by a demultiplexer 134 (indicated 
by DMX). 

io The information signal is inputted to a digi- 

tal/analog converter 135 (indicated by D/A), and an 
analog voice signal is obtained in an output termi- 
nal 550. According to the postamble signals P1 and 
P2, the demultiplexer 134 outputs a control signal 

75 to a control circuit 136 (indicated by CONT), which 
measures the output signal levels of the receiving 
circuit 132. 

The control circuit 136 compares the reception 
levels measured corresponding to the postamble 

20 signals P1 and P2, and assigns the postamble 
signal higher in reception level. That is, a signal 
that assigns an antenna from which the postamble 
signal of higher reception level is transmitted is 
stored as an antenna-selection control signal. 

25 A transmission analog voice signal inputted to 

an input terminal 600 is converted into a digital 
signal by an analog/digital converter 140 (indicated 
by A/D), and then multiplexed by a multiplexer 139 
(indicated by MUX), together with a preamble sig- 

30 na! and the antenna-selection control signal stored 
in the control circuit 136, and outputted to a modu- 
lating circuit 138 (indicated by MOD). 

The output of the modulating circuit 138 is 
inputted to a transmitting circuit 137 (indicated by 

35 TX) which performs amplification, frequency con- 
version and the like, and transmitted through the 
antenna shared unit 131 from the antenna 130. 

As described above, in the present invention 
shown in Figs. 5-8, the transmission to the mobile 

40 station from the base station is a transmitting- 
antenna switching diversity method. 

In the present invention shown in Figs. 5-8, 
even if a transmitting antenna is selected in accor- 
dance with the measurement result transmitted 

45 from the mobile station, reduction in diversity effect 
can be neglected, since the signal frame length is 
sufficiently short. 

While certain representative embodiments and 
details have been shown for the purpose of illus- 

so trating the invention, it will be apparent to those 
skilled in this art that various changes and modi- 
fications may be made therein without departing 
from the scope of the invention. 

55 Claims 

1. A diversity transmission and reception equip- 
ment (96) which performs digital communica- 



JSDOCID: <EP 0582323A1 I > 



15 



EP 0 582 323 A1 



16 



tions with a transmission and reception equip- 
ment (90) having a plurality of antennae (91,92) 
and transmitting a frame signal including at 
least a first signal interval (81) which is trans- 
mitted from one antenna selected from said s 
plurality of antennae (91 ,92) and a second sig- 
nal interval (82) which is .transmitted with time 
division from said plurality of antennae (91,92) 
in a predetermined sequence, comprising: 
a single antenna (99) for receiving said frame io 
signal; 

a receiving part (98) for receiving each of 
signals of said second signal interval (82) 
transmitted from said plurality of antennae 
(91,92) and received to^said single antenna 75 
(99), the receiving part (98) having level com- 
paring means (181) for detecting a signal of 
highest level from said received signals of said 
second signal interval (82) and transmitting 
said signal of highest level as a selection con- 20 
trol signal (83); and 

a transmitting part (97) having a selection- 
control-signal transmitting part (171) to which 
said selection control signal (83) is inputted, 
the selection control signal (83) being transmit- 25 
ted through said single antenna (99) to said 
transmission and reception equipment (90) 
having a plurality of antennae (91 ,92). 

2. A diversity transmission and reception equip- 30 
ment as set forth in Claim 1 , wherein said 
diversity transmission and reception equipment 

(96) is provided in a mobile station, and said 
transmission and reception equipment (90) 
having a plurality of antennae (91, 92) is pro- 35 
vided in a base station. 

3. In a diversity transmission v and reception meth- 
od wherein digital communications are per- 
formed between one transmission and recep- 40 
tion equipment (90) having, a plurality of anten- 
nae (91,92) and another transmission and re- 
ception equipment (96) having a single an- 
tenna (99), the improvement wherein said di- 
versity transmission and reception method 45 
comprises: 

transmitting a frame signal from said one 
transmission and reception equipment (90), the 
frame signal including at least a first signal 
interval (81) which is transmitted from one an- so 
tenna selected from said plurality of antennae 
(91 , 92) and a second signal interval (82) which 
is transmitted with time division from said plu- 
rality of antennae (91,92) in a predetermined 
sequence; 55 
discriminating signals of said second signal 
interval (82) of said frame signal transmitted 
from said one transmission and reception 



equipment (90), by said another transmission 
and reception equipment (96), and transmitting 
an optically received signal information as a 
selection control signal (83) from said another 
transmission and reception equipment (96); 
selecting an antenna for reception from said 
plurality of antennae (91 , 92) of said one trans- 
mission and reception equipment (90) by di- 
versity antenna selection, and selecting an- 
tenna for transmission from said plurality of 
antennae (91 , 92) of said one transmission and 
reception equipment (90) by reception of said 
selection control signal (83) transmitted from 
said another transmission and reception equip- 
ment (96). 

4. A diversity transmission and reception method 
as set forth in Claim 3, wherein said second 
signal interval (82) of said frame signal is pro- 
vided after said first signal interval (81). 

5. A diversity transmission and reception method 
as set forth in Claim 3, wherein said one trans- 
mission and reception equipment (90) having a 
plurality of antennae (91, 92) is provided in a 
base station, and said another transmission 
and reception equipment (96) having a single 
antenna (99) is provided in a mobile station. 
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Description 

FIELD OF THE INVENTION 

The present invention relates in general to diversity 
transmission and reception method and equipment that 
use a plurality of antennae, and in particular to diversity 
transmission and reception method and equipment 
which are suited to communicate digital signals between 
a fixed station with a plurality of antennae and a mobile 
station with a single antenna. 

DESCRIPTION OF THE PRIOR ART 

In mobile communications, fading causes the fluc- 
tuation of reception level and therefore deterioration in 
the communications. As a method of reducing the fad- 
ing, a diversity reception has been widely performed. In 
that case, a method is normally used which employs a 
plurality of antennae spaced apart from one another. For 
example, there is known a method wherein two anten- 
nae are spaced apart from each other so that the den- 
sities of signals received to the antennae are not corre- 
lated, the reception levels of the two antennae are 
measured at all times, and an antenna of higher signal 
level is selected. 

If signals received to two antennae are not correlat- 
ed, a probability that the signal levels become lower to- 
gether with the both signals is then greatly reduced, and 
consequently deterioration of the received signals be- 
comes few. 

Various kinds of diversity reception methods are al- 
so known and described, for example, in "Jakes edited, 
Microwave Mobile Communications, John Wiley and 
Sons." 

EP-A-0 1 24 31 9 discloses a radiotelephone system 
which uses portable radiotelephones each having two 
antennas, wherein a terminal station shown in Figure 1 
transmits the same preamble signal in at least two time 
slots of a frame period of a time division sequence using 
the antenna 20 or 21 receiving the strongest preamble 
signal from a portable station shown in Figure 2 in the 
immediately prior frame period followed by a binary 
message signal using the same antenna. The portable 
station receives each of the preamble transmissions 
from the terminal station via both of differently oriented 
antennas 50 and 51 and determines which antenna re- 
ceived the strongest signal. The message signal from 
the terminal station is then received via the antenna of 
the portable station having received the strongest sig- 
nal. The system requires two antennae at each station. 

US-A-4 041 397 discloses a satellite up link system 
having a diversity logic circuit which compares the two 
signal levels received from a single satellite antenna at 
two antenna locations separated in an east-west direc- 
tion and switches the output of a UHF transmitter to 
whichever antenna is receiving the stronger signal. 

In the case that a mobile transmission and reception 



equipment of a small size is required like a cordless tel- 
ephone and a portable telephone, space diversity could 
not adopted in the radio in the mobile side, because it 
is difficult to install a plurality of antennae. 

s Accordingly, it is an object of the present invention 
to provide an improved diversity transmission and re- 
ception equipment which is capable of eliminating the 
need for using a plurality of antennae in a mobile trans- 
mission and reception transmission, being easily made 

10 a small size, and overcoming fading. 

Another object is to provide an improved diversity 
transmission and reception method which is capable of 
eliminating the need for using a plurality of antennae in 
a mobile transmission and reception equipment, being 

is easily made a small size, and overcoming fading. 

SUMMUARY OF THE INVENTION 

According to a first aspect of the present invention 
20 there is provided a diversity transmission and reception 
equipment and which performs digital communications 
with a transmission and reception equipment having a 
plurality of antennae, said transmission and reception 
equipment transmitting a frame signal from said plurality 
25 of antennae to said diversity transmission and reception 
equipment, whereby said frame signal includes at least 
a first signal interval which is transmitted from one an- 
tenna selected from said plurality of antennae and a sec- 
ond signal interval which is transmitted with time division 
30 from said plurality of antennae in a predetermined se- 
quence, characterised in that said diversity transmission 
and reception equipment has a single antenna and com- 
prises: 

35 a receiving part for receiving each of the signals of 
said second signal interval transmitted from said 
plurality of antennae, and received to said single an- 
tenna, the receiving part having level comparing 
means for detecting a signal of highest level from 

40 said received signals of said second signal interval 
and transmitting said signal of highest level as a se- 
lection control signal; and 

a transmitting part having a selection-control signal 
45 transmitting part to which said selection control sig- 
nal is inputted, the selection control signal being 
transmitted through said single antenna to said 
transmission and reception equipment having a plu- 
rality of antennae. 

so 

The diversity transmission and reception equip- 
ment may be provided in a mobile station, and said 
transmission and reception equipment having a plurality 
of antennae may be provided in a base station. 
55 According to a second aspect of the present inven- 
tion there is provided a diversity transmission and re- 
ception method wherein digital communications are per- 
formed between a first transmission and reception 
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equipment having a plurality of antennae and a second 
transmission and reception equipment, the method 
comprising: 

transmitting a frame signal from said first transmis- s 
sion and reception equipment, the frame signal in- 
cluding at least a first signal interval (81 ) which is 
transmitted from one antenna selected from said 
plurality of antennae and a second signal interval 
which is transmitted with time division from said plu- 10 
rality of antennae in a predetermined sequence; 
characterised in that said second transmission and 
reception equipment has a single antenna and the 
method includes the further steps of: 

75 

discriminating signals of said second signal interval 
of said frame signal transmitted from said first trans- 
mission and reception equipment, by said second 
transmission and reception equipment, and trans- 
mitting an optimally received signal information as 20 
a selection control signal (83) from said second 
transmission and reception equipment; 

selecting an antenna for reception from said plural- 
ity of antennae of said first transmission and recep- 25 
tion equipment by diversity antenna selection, and 
selecting an antenna for transmission from said plu- 
rality of antennae of said first transmission and re- 
ception equipment by reception of said selection 
control signal transmitted from said second trans- 30 
mission and reception equipment. 

Preferably the second signal interval of said frame 
signal is provided after said first signal interval. 

The first transmission and reception equipment 35 
having a plurality of antennae may be provided in a base 
station, and said second transmission and reception 
equipment having a single antenna may be provided in 
a mobile station. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages will 
become apparent from the following detailed description 
when read in conjunction with the accompanying draw- 4 $ 
ings wherein: 

Fig 1 is a schematic block diagram showing the prin- 
ciple of the present invention which is applied to the 
embodiments of Figs 3a and 4; so 

Figs 2a and 2b schematically illustrate the transmis- 
sion sequence of signal formats according to the 
embodiments of Figs 3a and 4; 

ss 

Fig 3a is a block diagram of a first embodiment of 
the present invention; 



Fig 3b is a block diagram of a control circuit in which 
a postamble signal may be used; 

Fig 4 is a block diagram of a second embodiment 
of the present invention; 

Fig 5 is a schematic block diagram showing the prin- 
ciple of the present invention which is applied to the 
embodiments of Figs 7 and 8; 

Fig 6a shows a signal format of down direciton (from 
base station to mobile station) which is used in the 
embodiments of Figs 7 and 8; 

Fig 6b shows a signal format of up direction (from 
mobile station to base station) which is used on the 
embodiments of FIGS. 7 and 8; 

FIG. 7 is a block diagram of the embodiment of a 
transmission and reception equipment of a base 
station, which is constructed in accordance with the 
principle of FIG. 5; and 

FIG. 8 is a block diagram of the embodiment of a 
transmission and reception equipment of a mobile 
station, which is constructed in accordance with the 
principle of FIG. 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 of the accompanying drawings schematically 
illustrates the principle of the present invention. In Fig. 
1 , a transmission and reception equipment of a base 
station indicated by reference numeral 10 has a plurality 
of antennae 11 and 12, a switching part 13, a transmit- 
ting part 14, and a receiving part 15. A transmission and 
reception equipment 1 6 of a mobile station has a single 
antenna 17. 

In the transmission and reception between the base 
and mobile stations shown in Fig. 1 , the same radio fre- 
quency fl is used, the transmission and the reception 
are not performed at the same time in the same trans- 
mission and reception equipment, and the transmission 
(up direction) to the base station from the mobile base 
station and the transmission (down direction) to the mo- 
bile station from the base station are performed at dif- 
ferent time intervals. 

The format of signals to be transmitted is a like 
frame signal in both the directions of the up direction 
(from mobile station to base station) and the down di- 
rection (from base station to mobile station). 

The present invention can employ either of the two 
signal formats in A and B shown on the right side of Fig. 
1. The frame signal of the format A is constituted by a 
preamble signal 18 (indicated by PA) and an information 
signal 1 9 (indicated by DATA). The length of the frame 
signal is set so that it becomes shorter than the cycle of 
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fading. The frame signal of the format B is constituted 
by a preamble signal 18 (indicated by PA), an informa- 
tion signal 1 9 (indicated by DATA) and a postamble sig- 
nal 20 (indicated by POA), and is a signal format wherein 
the postamble signal is further added to the frame signal 
of the format A. Likewise, the length of the frame signal 
of the format B is set so that it becomes shorter than the 
cycle of fading. 

In the case that, with the use of the signal format A, 
signals are received in the transmission and reception 
equipment 10 of the base station, the preamble signals 
18 are received by the antennae 11 and 12 and trans- 
mitted through the switching part 13 to receiving means 
61 and 62 of the receiving part 1 5, respectively, in which 
the respective signal levels are detected. The detected 
signal levels are compared in comparing means 63, and 
the result is supplied as a reception-selection control 
signal to selecting means 64 and 65. As a result, among 
the signals received from the two antennae 11 and 12, 
the information signal obtained from the antenna that is 
higher in signal level is used as a reception signal. At 
this time, the comparison result in the comparing means 
63 is stored in memory means 52 of the transmitting part 
14. 

Although in Fig. 1 two receiving means 61 and 62 
are provided for the purpose of explaining the principle 
of the present invention, the reception-selection control 
signal can be obtained by using one receiving means 
with time division, switching the received signals of the 
antennae 11 and 12 and detecting them (during the in- 
terval of preamble signal), and comparing the respective 
received levels (the previously received level has been 
stored). 

In the case that the transmission from the base 
(fixed) station is performed, a transmission signal from 
transmitting means 51 of the transmitting part 14 is 
transmitted through the switching part 1 3 from one of 
the antennae 11 and 12. In that case, since the above 
described reception-selection control signal produced 
from the comparing means 63 of the receiving part 15 
is stored in advance in the memory means 52 of the 
transmitting part 14, the switching part 13 performs 
switching operation at the time of transmission in ac- 
cordance with the reception-selection control signal, 
and an antenna selected 11 or 1 2 is used as an antenna 
for transmission. 

In the case that the signal from the mobile station 
is received with the use of the signal format B, the se- 
lection control for receiving the information signal by re- 
ception of the preamble signals 18 and comparison of 
the received signal levels at that time is the same as the 
case of the signal format A. 

If the postamble signal 20 is received following the 
information signal 19, the postamble signal 20 is then 
detected by the selecting means (64 or 65) of the receiv- 
ing part 1 5 that was selected by the preamble signal 1 8. 
By this, the comparison of the signal levels received in 
the receiving means 61 and 62 of the receiving part 15 



is performed by the comparing means 63. This compar- 
ing operation is performed in the same way as the above 
comparison of the preamble signal 18, and information 
representing an antenna of higher signal level is stored 

s as the comparison result in the memory means 52. In 
the case that the signal format B was employed, the 
switching part 1 3 is switched at the time of transmission 
by the information stored in the memory means 52 and 
representing an antenna of higher signal level at the 

10 time of the postamble signal 20 reception, and transmis- 
sion is performed from the antenna of higher signal lev- 
el. 

Fig. 2A and 2B illustrate the transmission sequence 
of signal formats according to the present invention. Fig. 
15 3 A is a schematic block diagram of a first embodiment 
of the present invention, and Fig. 3B is a block diagram 
of a control circuit in the case that a postamble signal is 
used. Fig. 4 is a schematic block diagram of a second 
embodiment of the present invention. Embodiments to 
20 be described hereinafter are applied to a digital trans- 
mission system that performs the communication be- 
tween a base station and a mobile station, for example, 
a cordless telephone system. 

Fig. 2A shows the transmission sequence by the 
25 frame signal constituted by a preamble signal (PA) and 
an information signal (DATA), while Fig. 2B shows the 
transmission sequence by the frame signal constituted 
by a preamble signal (PA), an information signal (DATA) 
and a postamble signal (POA). 
30 in Figs. 2A and 2B, reference numerals 21 , 23 and 
24, 26 are frame signals of the up direction from a mobile 
station (indicated by MS) to a base station (indicated by 
BS), respectively, and 22, 25 are frame signals of the 
down direction from the base station to the mobile sta- 
35 tion, and communications are alternately performed be- 
tween the base and mobile stations. An information sig- 
nal (indicated by DATA) of the frame signal is a data sig- 
nal, or digitized signal of a voice signal. 

The length of a signal transmitted at a time, that is, 
40 the length of the frame signal is set so that it becomes 
sufficiently shorter than the fading cycle resulting from 
the movement of the mobile station and the like. Con- 
sequently, the intensity of received signals does not vary 
during transmission of one frame signal, and a case is 
45 few where diversity effect to be described hereinafter is 
reduced. 

Even in the case of a voice signal, by digitizing it 
once, the voice signal can be easily made a frame sig- 
nal. It is considered that, in the case of a cordless tele- 

50 phone, a voice coding speed is in the order of 32 Kbit/s 
because of ADPCM (Adaptive Delta Pulse Code Mod- 
ulation) system. Atransmission speed in radio channels 
is in the order of 70 Kbit/s, in view of up and down com- 
munications, and further the preamble signal portion. If 

55 a frame length is in the order of 300 bit, it is considered 
that the frame length is sufficiently shorter as compared 
to the fading cycle, since transmission of one signal is 
completed for 5 milliseconds. 
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Fig. 3A illustrates, the first embodiment of the 
present invention. An output terminal 66 and an input 
terminal 67 of the transmission and reception equipment 
of the base station of Fig. 3A are connected to a wire 
(not shown). Antennae 30a and 30b are spaced apart s 
from each other, and consequently signals received to 
the antennae 30a and 30b are not correlated. 

The receiving operation will be described hereinaf- 
ter. In the case that the frame signals 21 and 23 of the 
format of Fig. 2A are received from the mobile station, io 
the signals that were received to the antennae 30a and 
30b are inputted through circulators 31a and 31b to re- 
ceiving circuits 32a and 32b (indicated by RX and RX), 
respectively, wherein frequency conversion, band limit 
and amplification are performed. Outputs of the recerv- is 
ing circuits 32a and 32b are inputted demodulation cir- 
cuits 33a and 33b (indicated by DEM and DEM), respec- 
tively, and also portions of the outputs are inputted to a 
control circuit 36 (indicated by CO NT). The demodula- 
tion circuits 33a and 33b each perform the demodulation 20 
and interpretation of digital signals, and the parsing of 
frame signals. 

The control circuit 36 measures the output signal 
levels of the receiving circuits 32a and 32b and performs 
the comparison therebetween. As a result of the com- 25 
parison, a control signal that selects a demodulation cir- 
cuit connected to a sjgnal branch higher in signal level, 
is outputted to a switching circuit 34-1 (indicated by SW). 
The output of the demodulation circuit selected is input- 
ted to a digital/analog conversion circuit 35 (indicated 00 
by D/A), which outputs a received analog voice signal 
to the output terminal 66. 

It will be clear from the foregoing description that, 
in the transmission and reception equipment of the base 
station of the first embodiment of Fig. 3A, after detection, 3S 
a selection diversity reception is performed. 

The signal branch that has been selected by the 
control circuit 36 is stored immediately before comple- 
tion of the receiving operation, and used in the selection 
of a transmitting antenna in a transmitting operation to 40 
be described hereinafter. 

In the transmitting operation, an analog voice signal 
inputted to the input terminal 67 is converted into a dig- 
ital signal by an analog/digital-converter 39 (indicated 
by A/D). This digital signal is formed into a frame signal, 45 
together with a preamble signal, and then modulated by 
a modulator 38 (indicated by MOD). The modulated 
wave signal is inputted to a transmitting circuit 37 (indi- 
cated by TX) that performs frequency conversion and 
amplification, and to a switching circuit 34-2. so 

As described previously, the control circuit 36 has 
stored the signal branch that was selected at reception 
immediately before transmission, and outputs a control 
signal to the switching circuit 34-2 for selecting an an- 
tenna belonging to the selected signal branch. It is here ss 
assumed that, for the sake of convenience, the signal 
branch including the antenna 30b has been selected. At 
this time, the transmission signal is outputted by the 



switching circuit 34-2 to the circulator 31b, which trans- 
mits it through the antenna 30b. 

Fig. 3B shows a control circuit in the case that the 
postamble signal was used. 

In the case that the format of Fig. 2B was used, the 
selection of a demodulation circuit by reception of the 
preamble signal is performed in reception, and the re- 
ception of the information signal (DATA) is done by the 
structure of Fig. 3B, as in the case of the above de- 
scribed format A. If the postamble signal (POA) is re- 
ceived following the information signal (DATA), this sig- 
nal is detected at a control circuit 36' of Fig. 3B. 

That is, if the postamble signal is detected at a de- 
tection circuit 361 of the control circuit 36', the outputs 
of the two receiving circuits 32a and 32b are compared 
at a comparison circuit 362, information representing 
the output of higher signal level is stored as a compari- 
son result in a memory 363. 

In the case of transmitting from this base station, 
the information stored in the memory 363 of the control 
circuit 36* at the time of the above described postamble 
signal reception is outputted by a transmission instruc- 
tion. That information is inputted to the switching circuit 
34-2 of Fig. 3A to select a corresponding antenna. 

Thus, if the postamble signal is used, since an an- 
tenna is selected t>y receiving the postamble signal add- 
ed to the end of the frame that the mobile station (MS) 
transmitted immediately before the transmission from 
the base station, the selection can be more accurately 
performed as compared with the selection by the pre- 
amble signal. 

Since radio frequencies are the same in transmis- 
sion and reception, if a signal is transmitted from the 
antenna of the signal branch selected upon reception, 
the transmission to the mobile station from the base sta- 
tion then has a transmission diversity effect because of 
the reversibility of transmission and reception. Since in 
the embodiment of Fig. 3A the signal frame length is suf- 
ficiently shorter than the cycle of fading, even if the se- 
lection of antennae is fixed to the antenna selected prior 
to transmission, a reduction in the diversity effect 
caused by this can be neglected. 

Fig. 4 shows the second embodiment of the present 
invention. In the case that the frame signal of the format 
of Fig. 2A is used, since the transmitting operation is the 
same as that of the first embodiment of Fig. 3A, a de- 
scription of this part will not be given. 

In the receiving operation, if a control circuit 46 re- 
ceives a preamble signal by monitoring an output signal 
of a demodulation circuit 44, the control circuit 46 meas- 
ures the signal level of an output signal of a receiving 
circuit 43 only for a predetermined time interval (prefer- 
ably, about half of a preamble signal time). The control 
circuit 46 also stores the value of the signal level, along 
with a signal branch that has been selected. 

Next, the control circuit 46 outputs a switching sig- 
nal to a switching circuit 42-1 to select the other signal, 
and measures the signal level in a similar way. The value 
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of the received level is also stored along with a signal 
branch that has been selected. The values of the signal 
levels stored are then compared, and a control signal 
that selects a signal branch having a larger value is out- 
putted to a switching circuit 42-2, which holds the signal 
branch. 

The second embodiment has its advantages in that, 
in addition to structural simplicity of the receiving circuit 
43, the switching of antennae can be performed in the 
interval of the preamble signal. Consequently, this em- 
bodiment is advantageous in signal error characteris- 
tics, since switching noises occurring at the time of an- 
tenna switching do not occur in the information signal 
portion of the frame signal. 

The transmission and reception of the frame signal 
of the format shown in Fig. 2B will now be described with 
reference to the structure of Fig. 4. 

The receiving operation of the preamble signal and 
information signal is the same as that of the format 
shown in Fig. 2A. In the reception of the postamble sig- 
nal, if the reception of the postamble signal is started, 
the signal level of the output of the receiving circuit 34 
is measured only for a predetermined time interval 
(about half of the postamble signal time), and a signal 
branch that has been selected is stored together with 
the value of the measured signal level. If the predeter- 
mined time interval passes, the switching circuit 42-1 is 
switched and the received level of the other antenna is 
measured, and a signal branch that has been selected 
is stored with the value of the measured level. The val- 
ues of the signal levels stored are then compared, and 
a signal that represents a signal branch of higher signal 
level is stored. 

In the case of transmitting after the reception, the 
signal that represents a signal branch of higher signal 
level is outputted to the switching circuit 42-2, and the 
transmission is performed through a corresponding an- 
tenna. 

Fig. 5 schematically shows the principle of the 
present invention which is applied to the embodiments 
of Figs. 7 and 8. In Fig. 5, a transmission and reception 
equipment provided in a base station (fixed station) in- 
dicated by reference numeral 90 comprises a plurality 
of antennae 91 and 92, a switching part 93, a transmit- 
ting part 94, and a receiving part 95. A transmission and 
reception equipment 96 (another transmission and re- 
ception equipment) provided in a mobile station com- 
prises a single antenna 99, a transmitting part 97, and 
a receiving part 98. 

In the communications between the base and mo- 
bile stations shown in Fig. 5, the transmission (down di- 
rection) to the mobile station from the base station is 
performed by a radio frequency f 1 , the transmission (up 
direction) to the base station from the mobile station is 
performed by a radio frequency 12 (different from t1), 
and the communications in both the directions can be 
performed at the same time. 

As shown on the upper portion of Fig. 5, a transmis- 



sion signal in the down direction is a frame signal that 
includes a first signal interval 81 and a second signal 
interval 82. The first signal interval 81 is transmitted from 
one transmitting antenna 91 or 92, while the second sig- 
s nal interval 82 is time divided and transmitted in se- 
quence one by one from a plurality of antennae 91 and 
92. As shown similarly on the upper portion of Fig. 5, a 
transmission signal in the up direction is a frame signal 
that includes at least a selection control signal 83. 
io The signal transmitted from the transmission and 
reception equipment 96 of the mobile station is received 
in the antennae 91 and 92 of the the transmission and 
reception equipment 90 of the base station. The outputs 
of the two antennae 91 and 92 are inputted to the re- 
is cetving part 95, and compared and discriminated in re- 
ception-level discriminating means 152. If the reception- 
level discriminating means 152 detects a higher recep- 
tion level, it then outputs an indicating signal to receiv- 
ing-antenna selecting means 153, which selects one of 
20 the outputs of the receiving antennae 91 and 92 and se- 
lects and controls an antenna output from which an in- 
formation signal (data signal or digitalized analog signal) 
is picked out. When this occurs, in the receiving part 95, 
the selection control signal 83 included in the received 
25 signal is detected and supplied to the transmitting part 
94 by selection-control-signal detecting means 151. 

In the transmitting part 94, first-signal-interval trans- 
mitting means 142 controls the switching of the switch- 
ing part 93 in such a manner that transmission informa- 
30 tion is transmitted at the first signal interval 81 , and that 
the first signal of the first signal interval 81 is transmitted 
from the antenna that has been assigned by the selec- 
tion control signal 83 detected in the selection-control- 
signal detecting means 151 of the receiving part 95. 
35 Second-signal-interval transmitting means 143 also 
controls the switching of the switching part 93 in such a 
manner that the second signal of the second signal in- 
terval 82 is time shared and transmitted in sequence 
from a plurality of the antennae 91 and 92. 
40 The transmission and reception equipment 96 of 
the mobile station receives the transmission signals 
from the base station. It can be considered that the first 
signal of the first signal interval 81 among that transmis- 
sion signals is one which is transmitted from the antenna 
45 that is selected by the selection control signal 83 trans- 
mitted from the mobile station immediately before the 
reception, and which has a signal level over a certain 
degree. In the receiving part 98 of the mobile station, 
reception information 180 included in the signal of the 
so first signal interval 81 is picked out. 

If the time-shared signals of the second signal in- 
terval 82 are received following the first signal of the first 
signal interval 81 , they are then stored, and when all the 
second signals are received, the values thereof are 
ss compared and discriminated in level comparing means 
181. When a signal of highest level is discriminated, it 
is transmitted as a selection control signal from selec- 
tion-control-signal transmitting part 171, together with 



25 



30 



35 



40 



6 



^SDOCID: <EP 0582323B1 I > 



11 



EP 0 582 323 B1 



12 



transmission information 170. 

As described above, the transmission signals from 
the base station can be always received satisfactorily in 
the mobile station by receiving, in the transmission and 
reception equipment 96 of the mobile station, the signals £ 
of the second signal interval 82 transmitted from a plu- 
rality of the antennae 91 and 92 of the base station, dis- 
criminating which signal can be received satisfactorily, 
and transmitting the result to the base station. 

Fig. 6A shows a signal format of down direction io 
(from base station to mobile station) where Po indicates 
a preamble signal, DATA an information signal to be 
transmitted and a data signal or a digital signal into 
which an analog voice is converted, and P1 and P2 pos- 
tamble signals. The signals are transmitted as a frame is 
signal. The frame length is selected to be sufficiently * 
shorter than the cycle of fading resulting from movement 
of the mobile station. In Fig. 6A, BS indicates a base 
station, and MS a mobile station. 

The preamble signal Po and the information signal 20 
DATA are the signal of the first signal interval 81 shown 
in Fig. 5, while the postamble signals P1 and P2 are sep- 
arated from each other and transmitted individually from 
two antennae and are the signals of the second signal 
interval 82 shown in Fig. 5. 25 

Fig. 6B shows a signal format of up direction (from 
mobile station to base station) where P indicates a pre- 
amble signal, C a selection control signal, and DATA an 
information signal. 

Fig. 7 is a block diagram of an embodiment of a 30 
transmission and reception equipment of a base station 
according to the present invention. In Fig. 7, reception 
signal and transmission signal are connected to a wire 
(for example, telephone switched network). The frame 
signal shown in Fig. 6A is transmitted from the base sta- 35 
tion. If the length of the frame signal is set so that it be- 
comes shorter than the cycle of fading, the intensity of 
reception signal will do not vary during transmission of 
one frame signal, and a case will be few where diversity 
effect to be described hereinafter is reduced. 40 

In the transmission of up direction (from MS to BS), 
antenna-selection diversity reception is performed us- 
ing antennae 110a and 110b of the base station. In the 
transmission of down direction. (from BS to MS), the sig- 
nal interval of the information signal is selected depend- 45 
ing upon a signal that was transmitted from the mobile 
station by the previous transmission of up direction. In 
the signal interval of the postamble signals P1 and P2 
that are transmitted from either one of the antennae and 
divided into two, the signal P1 is transmitted from one so 
antenna and the signal P2 from the other antenna. 

The antennae 1 1 0a and 1 1 0b are spaced apart from 
each other, and therefore the signals received to these 
antennae are substantially not correlated. The signals 
that were received to the antennae 110a and 110b are ss 
respectively inputted through antenna shared units 111a 
and 111b (indicated by DUP and DUP) to a switching 
circuit 112-1 (indicated by SW). The switching circuit 



112-1 selects one of the two input signals in response 
to a control signal 220 outputted from a control circuit 
117 (indicated by CONT), and outputs it to a receiving 
circuit 113 (indicated by FIX). This operation will herein- 
after be described in detail. 

In the receiving circuit 113, operations such as fre- 
quency conversion, band limit and amplification are per- 
formed. A portion of the output of the receiving circuit 
113 is inputted to a demodulating circuit 114 (indicated 
by DEM), wherein processing such as demodulation in- 
terpretation of digital signals is performed. The output 
of the demodulating circuit 114 is inputted to a demulti- 
plexer 115 (indicated by DEM), wherein it is parsed into 
the preamble signal P, information signal DATA and an- 
tenna-selection control signal C. The information signal 
DATA is inputted to a digital/analog converter 1 1 6 (indi- 
cated by D/A), which outputs a received analog signal 
to an output terminal 200. 

The operation of the control circuit 117 at the time 
of reception is performed as follows. If the frame signal 
shown in Fig. 6B is transmitted from the mobile station, 
a portion of the output signal of the receiving circuit 113 
of the base station is then inputted to the control circuit 
117. If, by monitoring the output signal level of the re- 
ceiving circuit 113, it is found that the reception of the 
preamble signal P was started, the control circuit 117 
then measures the received level only for a predeter- 
mined time, for example, for a period of half time of the 
preamble signal P 

After elapse of that time, the route including a re- 
ceiving antenna that has been selected at that time and 
the measured signal level are stored. Thereafter, by 
switching the control signal 220, a signal that switches 
the selected route is outputted to the switching circuit 
112-1. 

If the switching of the switching circuit 112-1 is com- 
pleted, the output signal level of the receiving circuit 113 
is then measured. If a predetermined time passes and 
the measurement of the signal level is completed, the 
route and the measured signal level are then stored. 
This signal level is compared with the previously meas- 
ured signal level, and a control signal is outputted to the 
switching circuit 112-1 to select a route corresponding 
to the higher signal level. Thereafter, by monitoring the 
output signal of the demultiplexer 115, the above oper- 
ation is repeated each time the preamble signal P is re- 
ceived. 

As will be understood from the foregoing descrip- 
tion, the base station of the present invention performs 
antenna-selection diversity reception. 

The received antenna-selection control signal C 
has been outputted from the demultiplexer 117 to the 
control signal 1 1 7 and stored. As will be described here- 
inafter, this control signal C is used in the antenna se- 
lection at the time of transmission. 

A transmission analog signal inputted to an input 
terminal 210 is converted into a digital signal by an an- 
alog/digital converter 121 (indicated by A/D). This signal 
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is multiplexed by a multiplexer 120 (indicated by MUX), 
together with a preamble signal Po and postamble sig- 
nals P1 , P2, and the multiplexed signals are then input- 
ted to a modulator 1 1 9 (indicated by MOD), wherein they 
are modulated. The modulated wave signals perform 
amplification, frequency conversion and so on, and are 
inputted through a transmitting circuit 118 (indicated by 
TX) to a switching circuit 112-2. 

As described previously, the preamble signal Po 
and the information signal DATA are transmitted from 
the antenna that is determined by the antenna-selection 
control signal C that has been stored in the control circuit 
117, while the postamble signals P1 and P2 are respec- 
tively transmitted from the transmitting antennae 110a 
and 110b in a predetermined sequence. For example, 
after the signal P1 is transmitted from the transmitting 
antenna 110a, the signal P2 is transmitted from the 
transmitting antenna 110b. In order to provide a cycle 
for this, the multiplexer 120 outputs a control signal to 
the control circuit 117. The preamble signal Po is a sig- 
nal for normal clock playback or carrier playback. As 
long as the postamble signals P1 and P2 can be used 
in the measurement of reception signal levels, they can 
be any signals, for example, carrier signals that are not 
demodulated. 

Fig. 8 is a block diagram of a transmission and re- 
ception equipment of a mobile station according to the 
present invention. The reception signal that was re- 
ceived to an antenna 130 and passed through an an- 
tenna shared unit 131 (indicated by DUP) is inputted to 
a receiving circuit 1 32 (indicated by RX) which performs 
frequency conversion, band limit, amplification and so 
on. A portion of the output of the receiving circuit 132 is 
demodulated and discriminated in a demodulating cir- 
cuit 133 (indicated by DEM), and then separated into a 
preamble signal, an information signal and a postamble 
signal by a demultiplexer 134 (indicated by DMX). 

The information signal is inputted to a digital/analog 
converter 135 (indicated by D/A), and an analog voice 
signal is obtained in an output terminal 550. According 
to the postamble signals P1 and P2, the demultiplexer 
1 34 outputs a control signal to a control circuit 1 36 (in- 
dicated by CONT), which measures the output signal 
levels of the receiving circuit 132. 

The control circuit 136 compares the reception lev- 
els measured corresponding to the postamble signals 
P1 and P2, and assigns the postamble signal higher in 
reception level. That is, a signal that assigns an antenna 
from which the postamble signal of higher reception lev- 
el is transmitted is stored as an antenna-selection con- 
trol signal. 

A transmission analog voice signal inputted to an 
input terminal 600 is converted into a digital signal by 
an analog/digital converter 140 (indicated by A/D), and 
then multiplexed by a multiplexer 139 (indicated by 
MUX), together with a preamble signal and the antenna- 
selection control signal stored in the control circuit 1 36, 
and outputted to a modulating circuit 138 (indicated by 



MOD). 

The output of the modulating circuit 138 is inputted 
to a transmitting circuit 1 37 (indicated by TX) which per- 
forms amplification, frequency conversion and the like, 
s and transmitted through the antenna shared unit 131 
from the antenna 1 30. 

As described above, in the present invention shown 
in Figs. 5-8, the transmission to the mobile station from 
the base station is a transmitting-antenna switching di- 
versity method. 

In the present invention shown in Figs. 5-8, even if 
a transmitting antenna is selected in accordance with 
the measurement result transmitted from the mobile sta- 
tion, reduction in diversity effect can be neglected, since 
the signal frame length is sufficiently short. 

While certain representative embodiments and de- 
tails have been shown for the purpose of illustrating the 
invention, it will be apparent to those skilled in this art 
that various changes and modifications may be made 
therein without departing from the scope of the inven- 
tion. 



Claims 

1. A diversity transmission and reception equipment 
(96) which performs digital communications with a 
transmission and reception equipment (90) having 
a plurality of antennae (91, 92), said transmission 
and reception equipment (90) transmitting a frame 
signal from said plurality of antennae (91 , 92) to said 
diversity transmission and reception equipment 
(96), whereby said frame signal includes at least a 
first signal interval (81) which is transmitted from 
one antenna selected from said plurality of anten- 
nae (91 , 92) and a second signal interval (82) which 
is transmitted with time division from said plurality 
of antennae (91 , 92) in a predetermined sequence, 
characterised in that 

said diversity transmission and reception equip- 
ment (96) has a single antenna (99) and comprises: 

a receiving part (98) for receiving each of the 
signals of said second signal interval (82) trans- 
mitted from said plurality of antennae (91 , 92) 
and received by said single antenna (99), the 
receiving part (98) having level comparing 
means (181) for detecting a signal of highest 
level from said received signals of said second 
signal interval (82) and transmitting said signal 
of highest level as a selection control signal 
(83); and 

a transmitting part (97) having a selection-con- 
trol signal transmitting part (171) to which said 
selection control signal (83) is inputted, the se- 
lection control signal (83) being transmitted 
through said single antenna (99) to said trans- 
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mission and reception equipment (90) having a 
plurality of antennae (91, 92). 

A diversity transmission and reception equipment 
as set forth in claim 1 , wherein said diversity trans- s 
mission and reception equipment (96) is provided 
in a mobile station, and said transmission and re- 
ception equipment (90) having a plurality of anten- 
nae (91 , 92) is provided in a base station. 

10 

A diversity transmission and reception method 
wherein digital communications are performed be- 
tween a first transmission arid reception equipment 
(90) having a plurality of antennae (91 , 92) and a 
second transmission and reception equipment (96), *5 
the method comprising: 

transmitting a frame signal from said first 
transmission and receptiort equipment (90), the 
frame signal including at least a first signal interval 
(81 ) which is transmitted from one antenna selected 20 
from said plurality of antennae (91 , 92) and a sec- 
ond signal interval (82) which is transmitted with 
time division from said plurality of antennae (91 , 92) 
in a predetermined sequence; 

characterised in that said second transmis- 25 
sion and reception equipment (96) uses a single an- 
tenna (99) and the method includes the further 
steps of: 

discriminating signals of said second signal in- 30 
terval (82) of said frame signal transmitted from 
said first transmission and reception equipment 
(90), by said second transmission and recep- 
tion equipment (96), and transmitting an opti- 
mally received signal information as a selection 35 
control signal (83) from said second transmis- 
sion and reception equipment (96); 

selecting an antenna for reception from said 
plurality of antennae (91 , 92) of said first trans- 40 
mission and reception equipment (90) by diver- 
sity antenna selection, and selecting an anten- 
na for transmission from said plurality of anten- 
nae (91 , 92) of said first transmission and re- 
ception equipment (90) by reception of said se- 45 
lection control signal (83) transmitted from said 
second transmission and reception equipment 
(96). 

A diversity transmission and reception method as so 
set forth in claim 3, wherein said second signal in- 
terval (82) of said frame signal is provided after said 
first signal interval (81). 

A diversity transmission and reception method as $5 
set forth in claim 3, wherein said first transmission 
and reception equipment (90) uses a plurality of an- 
tennae (91 , 92) which are provided in a base sta- 



tion, and said second transmission and reception 
equipment (96) having a single antenna (99) is pro- 
vided in a mobile station. 



Patentanspruche 

1. Eine DiversityObertragungs- und Empfangseinheit 
(96), die mittels einer mit einer Vielzahl von Anten- 
nen (91, 92) ausgestatteten Ubertragungs- und 
Empfangseinheit (90) digitale Nachrichten aus- 
fOhrt, wobei die Ubertragungs- und Empfangsein- 
heit (90) ein Rahmensignal yon der Vielzahl von An- 
tennen (91, 92) an die DiversityObertragungs- und 
Empfangseinheit (96) Obertragt, wobei das Rah- 
mensignal zumindest ein erstes Einheitsintervall 
(81), das von einer aus der Vielzahl von Antennen 
(91, 92) ausgesuchten Antenne ubertragen wird, 
und ein zweites Einheitsintervall (82), das mit einem 
Zeitabstand von der Vielzahl von Antennen (91 , 92) 
in einer vorgegebenen Reihenfolge ubertragen 
wird, beinhaltet, dadurch gekennzeichnet, daB die 
DiversityObertragungs- und Empfangseinheit (96) 
eine Antenne (99) hat und folgendes umfaBt: 

einen Empfangsteil (98) zum Empfangen aller 
Signale des zweiten Einheitsintervalls (82), die 
von der Vielzahl von Antennen (91, 92) uber- 
tragen werden und von der einen Antenne (99) 
empfangen werden, wobei der Empfangsteil 
(98) eine Pegelvergleichsvorrichtung (181) hat, 
urn ein Signal mit dem hochsten Pegel von den 
empfangenen Signalen des zweiten Einheitsin- 
tervalls (82) ausfindig zu machen und das Si- 
gnal mit dem hochsten Pegel als ein Auswahl- 
steuersignal (83) zu ubertragen; und 

einen Ubertragungsteil (97) mit einem 
Auswahlsteuersignalubertragungsteil (171), in 
den das Auswahlsteuersignal (83) eingegeben 
wird, wobei das Auswahlsteuersignal (83) uber 
die eine Antenne (99) zu der mit einer Vielzahl 
von Antennen (91, 92) ausgestatten Ubertra- 
gungs- und Empfangseinheit (90) ubertragen 
wird. 

2. DiversityObertragungs- und Empfangseinheit nach 
Anspruch 1 , wobei die Diversityubertragungs- und 
Empfangseinheit (96) in einer beweglichen Station 
vorgesehen ist und die mit einer Vielzahl von An- 
tennen (91, 92) ausgestattete Ubertragungs- und 
Empfangseinheit (90) in einer Basisstation vorge- 
sehen ist. 

3. DiversityObertragungs- und Empfangsverfahren, 
wobei die digitalen Nachrichten zwischen einer er- 
sten mit einer Vielzahl von Antennen (91, 92) aus- 
gestatteten Ubertragungs- und Empfangseinheit 
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(90) und einer zweiten Obertragungs- und Emp- 
fangseinheit (96) ausgefuhrt werden, wobei das 
Verfahren aus folgendem besteht: 

Obertragen eines Rahmensignals von der er- s 
sten Ubertragungs- und Empfangseinheit (90), 
wobei das Rahmensignal zumindest ein erstes 
Einheitsintervall (81), das von einer aus der 
Vielzahl von Antennen (91 , 92) ausgesuchten 
Antenne ubertragen wird, und ein zweites Ein- 10 
heitsinterval! (82), das mit Zeitabstand von der 
Vielzahl von Antennen (91 , 92) in einer vorge- 
gebenen Reihenfolge ubertragen wird, beinhal- 
tet; dadurch gekennzeichnet, daB die zweite 
Ubertragungs- und Empfangseinheit (96) nur is 
eine Antenne (99) verwendet und das Verfah- 
ren weiterhin aus den folgenden Schritten be- 
steht: 

Unterscheiden der Signale von dem zweiten 20 
Einheitsintervall (82) des von der ersten Uber- 
tragungs- und Empfangseinheit (90) ubertrage- 
nen Rahmensignals durch die zweite Ubertra- 
gungs- und Empfangseinheit (96) und Obertra- 
gen einer optimal empfangenen Signalinforma- 25 
tion als ein Auswahlsteuersignal (83) von der 
zweiten Ubertragungs- und Empfangseinheit 
(96) ; 

Auswahlen einer Antenne zum Empfang von 30 
der Vielzahl von Antennen (91 , 92) der ersten 
Obertragungs- und Empfangseinheit (90) 
durch eine Diversityantennenauswahl und 
Auswahlen einer Antenne zur Ubertragung von 
der Vielzahl von Antennen (91 , 92) der ersten 35 
Obertragungs- und Empfangsvorrichtung (90) 
durch den Empfang des von der zweiten Ober- 
tragungs- und Empfangseinheit (96) ubertrage- 
nen Auswahlsteuersignals (83) . 

40 

4. Diversityubertragungs- und Empfangsverfahren 
nach Anspruch 3, wobei das zweite Einheitsinter- 
vall (82) des Rahmensignals nach dem ersten Ein- 
heitsintervall (81) vorgesehen ist. 

45 

5. Diversityubertragungs- und Empfangsverfahren 
nach Anspruch 3, wobei die erste Obertragungs- 
und Empfangseinheit (90) eine Vielzahl von Anten- 
nen (91, 92) verwendet, die in einer Basisstation 
vorgesehen sind und die zweite mit einer Antenne so 
(99) ausgestattete Obertragungs- und Empfangs- 
einheit (96), in einer beweglichen Station vorgese- 
hen ist. 

55 

Revendications 

1. Un equipement de transmission et de reception en 



diversity (96) qui execute des communications nu- 
meriques avec un equipement de transmission et 
de reception (90) ayant une pluralite d'antennes 
(91 , 92), ledit equipement de transmission et de re- 
ception (90) transmettant un signal de trame depuis 
ladite pluralite d'antennes (91 , 92) jusqu'au dit equi- 
pement de transmission et de reception en diversite 
(96), dans lequel ledit signal de trame comprend au 
moins un premier intervalle unitaire (81) qui est 
transmis depuis une antenne s6lectionn£e parmi la- 
dite pluralite d'antennes (91 , 92) et un second inter- 
valle unitaire (82) qui est transmis avec repartition 
dans le temps depuis ladite plurality d'antennes (91 , 
92) en une sequence pred£terminee, 
caract£rise en ce que ledit equipement de transmis- 
sion et de reception en diversite (96) a une antenne 
unique (99) et comprend: 

une piece receptrice (98) pour la reception de 
chacun des signaux dedit second intervalle uni- 
taire (82) transmis depuis ladite plurality d'an- 
tennes (91 , 92) et recus par ladite antenne uni- 
que (99), la piece receptrice (98) ayant des 
moyens de comparaison de niveaux (181 ) pour 
detecter un signal d'une intensity superieure 
parmi lesdits signaux dedit second intervalle 
unitaire (82) recus et retransmettant ledit signal 
d'intensite superieure comme un signal de 
commande de selection (83) ; et 

une piece emettrice (97) ayant une piece emet- 
trice avec signal de commande de selection 
(171) laquelle piece £mettrice est equip6e dudit 
signal de commande de selection (83), le signal 
de commande de selection (83) etant transmis 
par ladite antenne unique (99) au dit equipe- 
ment de transmission et de reception (90) ayant 
une pluralite d'antennes (91 , 92). 

2. Un equipement de transmission et de reception en 
diversity selon la revendication 1, dans lequel une 
station mobile est pourvue dudit equipement de 
transmission et de reception en diversity (96), et 
une station de base est pourvue dudit equipement 
de transmission et de reception (90) ayant une plu- 
ralite d'antennes (91, 92). 

3. Une methode de transmission et de reception en 
diversity selon laquelle on effect ue des communi- 
cations num6riques entre un premier equipement 
de transmission et de reception (90) ayant une plu- 
ralite d'antennes (91, 92) et un second equipement 
de transmission et de reception (96) , cette metho- 
de comprenant: 

la transmission d'un signal de trame depuis le- 
dit premier equipement de transmission et de 
reception (90), le premier signal de trame com- 
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prenant au moins un premier intervalle unitaire 
(81 ) lequel est transmis depuis une antenne s6- 
Iectionn6e parmi ladite plurality d'antennes (91 , 
92) et un second intervalle unitaire (82) lequel 
est transmis avec repartition dans le temps de- s 
puis ladite plurality d'antennes (91, 92) en une 
sequence predetermines; caracteris6 en ce 
que ledit second Equipement de transmission 
et de reception (96) utilise une antenne unique 
(99) et la methode inclue les stapes supple- 10 
mentaires suivantes: 

la drfterenciation des signaux dedit deuxieme 
intervalle unitaire (82) dudit signal de trame 
transmis depuis ledit premier Equipement de is 
transmission et de reception (90), par ledit se- 
cond equipement de transmission et de recep- 
tion (96), et la transmission d'une information 
en signaux recue de maniere optimale, comme 
un signal de commande de selection (83) de- 20 
puis ledit second systems de transmission et 
de reception (96) ; 



la selection d'une antenne de reception parmi 
ladite plurality d'antennes (91, 92) dudit pre- 25 
mier Equipement de transmission et de recep- 
tion (90) par selection d'antennes en diversity 
et la selection d'une antenne pour la transmis- 
sion depuis ladite pluralite d'antennes (91, 92) 
dudit Equipement de transmission et de recep- 30 
tion (90) par reception dudit signal de comman- 
de de selection (83) transmis depuis ledit se- 
cond equipement de transmission et de recep- 
tion (96). 

35 

4. Une methode de transmission et de reception selon 
la revendication 3, dans laquelle ledit second inter- 
valle unitaire (82) dudit signal de trame est produit 
apres le premier intervalle unitaire (81). 

40 

5. Une mEthode de transmission et de reception selon 
la revendication 3, dans laquelle ledit equipement 
de transmission etde reception (90) utilise une plu- 
rality d'antennes (91 , 92) dont est pourvue une sta- 
tion de base, et une station mobile est pourvue dudit 45 
second equipement de transmission et de reception 
(96) ayant une antenne unique (99). 
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